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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to an improvement in heat management and process control for a molding 
process and, more particularly, to the use of active and/or passive film heating and/or sensing elements located along 
a flow channel of molten resin to a mold cavity space. 

Description of the Related Art 

[0002] In an injection molding process, it is important to maintain a resin in a molten state as it flows from a nozzle 
of an injection molding machine, through a mold sprue bushing, a mold manifold, a hot runner nozzle, and into a mold 

is cavity space, where the resin cools to form an injection-molded article. Additionally, the shear stress profile of the flow 
of resin must be monitored and managed io insure proper filiing of the cavity space. This is especially important in the 
area close to the mold gate because the temperature there is rapidly cycled between hot and cold conditions before 
the molded article is removed from the cavity. Temperature control issues are also very important when molding certain 
thermally-sensitive materials such as PET in a multicavity mold or when molding articles made of different materials 

20 that are injected through a single hot runner nozzle. Accordingly, much effort has been directed towards improving 
heat management and process control in the injection molding process, particularly in the mold manifold and hot runner 
nozzle. To date, several methods and means have been employed with varying degrees of success. Included among 
the methods and means commonly employed are heat pipes, high frequency induction heaters, microwave heaters, 
ceramic heaters, infrared radiation heaters, electrical heaters, etc. Such electric heaters include coils, band, or cartridge 

25 heaters which are used to heat the molten resin inside the screw barrel, in the machine nozzle, in the manifold, in the 
hot runner nozzle, and in the mold gate area. 

[0003] U.S. Patent No. 5,645,867 issued to Crank, et at. (incorporated herein by reference) illustrates the current 
state of the art with respect to heating the mold manifold. Crank, et al. teaches heating the manifold by disposing 
infrared radiation heaters on an outer surface of the manifold. However, as is typical of such prior art manifold heating 
so apparatuses, a significant proportion of the heat generated by the heaters is wasted heating the entire manifold block 
rather than directly heating the resin flowing in a melt channel contained therein. 

[0004] U.S. Patent No. 5,614,233 issued to Gellert (incorporated herein by reference) discloses a state of the art 
heater for a hot runner nozzle, in which a helical electrical heater is embedded in a spiral groove that surrounds the 
hot runner nozzle. The heater comprises a resistive wire enclosed in a refractory powder electrical insulating material 
35 such as magnesium powder oxide. The helical portion of the heater is press-fitted and reshaped into place in the spiral 
groove. However, the disclosed heater heats both the hot runner nozzle body and the melt channel contained therein, 
a relatively inefficient heating arrangement. Additionally, manufacturing the spiral groove and assembling the heater 
therein is time-consuming and costly. 

[0005] The foregoing problems with prior art heaters are particularly evident in coinjection and multi injection mold 

40 manifolds and hot runner nozzles. For example, U.S. Patent No. 4,863,665 issued to Schad, et al. (incorporated herein 
by reference) discloses the use of a single electrical heater attached to the outer surface of a hot runner nozzle to heat 
three melt channels simultaneously. Schad, et al., however, faces several drawbacks. First, less heat is transmitted to 
the inner channels than to the outer channels. Second, the heat supplied to each channel cannot be varied according 
to the size of each channel and the rheological characteristics of the resin flowing therein. 

45 [0006] European Patent 31 2 029 B1 issued to Hiroyoshi (incorporated herein by reference) discloses a heater made 
of an insulating ceramic film that is flame-sprayed on the outer surface of the nozzle which introduces the resin into 
the molding machine. The heater may be a continuous area heater completely covering the nozzle, a heater made of 
a plurality of longitudinal strips, a thin film heater made of helical strips, or a two piece independent heater with more 
power supplied to the nozzle where it contacts the mold. However, the heater disclosed in Hiroyoshi has several sig- 

50 nificant drawbacks that militate against its application to a mold manifold or hot runner nozzle. First, the Hiroyoshi 
heater is not removable and thus requires replacement of the entire element when the heater burns out. Second, the 
heater inefficiently heats the entire machine nozzle body rather than directly heating the molten resin. Third, the heater 
cannot provide a profiled temperature gradient across the flow of molten resin, an important feature for managing shear 
stress in the flow of molten resin. Finally, the thickness of the disclosed heater is 0.5 to 2 mm, which is acceptable for 

55 application to the outer surface of the machine nozzle, but intolerable for application to the interior of a melt channel 
in a mold manifold or hot runner nozzle. 

[0007] U.S. Patent Nos. 5,007,818 and 5,705,793 disclose the use of heaters which are deposited directly on the 
flat surface of the cavity mold. U.S. Patent No. 5,504,304 discloses a removable ceramic heater made of a ceramic 
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paste whose thickness is hard to control. Such heaters as these do not provide for intimate contact with the nozzle 
body or the nozzle tip and thus reduce heat transfer and increase heat loss. Reference also made be had to the following 
US patents (each of which is incorporated herein by reference) which disclose heater technology; 5,155,340; 
5 488 350- 4,724,304; 5,573,692; 5,569,398; 4,739,657; 4,882,203; 4,999,049; and 5,340,702. 
[0008] Accordingly, there is a need in the art for a method and means of heating a melt channel of a mold manifold 
and hot runner nozzle in a manner that is efficient in terms of energy, space, and location. 

[0009] There is an additional need in the art for an efficient method and means of providing an appropriate amount 
of heat to each melt channel in a coinjection or multiinjection hot runner nozzle based on the localized size and shape 
of each melt channel and the rheological characteristics of the resin flowing therein. 

SUMMARY OF THE INVENTION 

[001 0] It is an object of the present invention to provide method and apparatus for efficient heat and flow management 
of molten resin within the melt channel of a mold manifold and a hot runner nozzle. 

is room Accordinq to one aspect of the present invention, apparatus used in conjunction with an injection molding 

machine includes a cavity plate, a core plate disposea reiauve to me cavuy piaiu iu de.u i« a uav.iy => Ha ^, 

having formed therein an inlet passage for receiving a flow of molten resin from a nozzle of the injection molding 
machine A hot runner nozzle is also provided for directing the flow of molten resin from the manifold inlet passage to 
the cavity space. A mold gate is also provided for regulating the flow of molten resin from the hot runner nozzle to the 

20 cavity space, the mold gate together with the hot runner nozzle and the manifold inlet passage defining a non-flat melt 
channel for directing the flow of molten resin from the nozzle of the injection molding machine to the cavity space. An 
active or passive thin film element is disposed along the non-flat melt channel. Preferably, the thin film element is an 
active heater in contact with the molten resin. 

[0012] According to another aspect of the present invention, apparatus used in conjunction with an injection molding 
25 machine includes a mold defining a cavity space, and a manifold having formed therein an inlet passage for flow 
communication with a nozzle of the injection molding machine. A hot runner nozzle is provided for flow communication 
with each of the cavity space and the manifold inlet passage, the hot runner nozzle and the manifold inlet passage 
together defining a melt channel. A plurality of active or passive thin film elements are intermittently disposed along 
the melt channel. 

so [001 3] According to a further aspect of the present invention, apparatus for directing a flow of molten resin from a 
nozzle of an injection molding machine to a cavity space defined by a mold includes a manifold having formed therein 
an inlet passage for receiving the flow of molten resin from the nozzle of the injection molding machine. A hot runner 
nozzle is provided for directing the flow of molten resin from the manifold inlet passage to the cavity space, the hot 
runner injection channel and manifold inlet passage together defining a melt channel. An active or passive thin film 

35 element is disposed within the melt channel. 

[0014] Accordingtoyetafurther aspect of the present invention, apparatus for directing a flow of molten resin supplied 
by an injection molding machine to a cavity space defined by a mold includes a hot runner nozzle having a plurality of 
melt channels for directing the flow of molten resin supplied by the injection molding machine to the cavity space. A 
plurality of active/passive thin film elements is disposed substantially adjacent to each melt channel for supplying heat 

40 to the flow of molten resin within that melt channel. 

[0015] Yet a further aspect of the present invention includes apparatus to be used in conjunction with an injection 
molding machine. A cavity plate is provided, and a core plate is disposed relative to the cavity plate to define a cavity 
space A hot runner nozzle is provided and includes a plurality of melt channels, each melt channel directing one of 
multiple flows of molten resin supplied by the injection molding machine to the cavity space. An active or passive thin 

45 fj|m element is disposed along each melt channel. 

[0016] According to a further aspect of the present invention, a method of injection molding includes the steps of 
injecting molten resin into a melt channel defined by a manifold and a hot runner nozzle, and disposing an active or 
passive thin film element along the melt channel for heating the molten resin. 

[0017] These and other objects, features, and advantages can be better appreciated with reference to the following 
so drawings, in which like reference numerals refer to like elements throughout. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The present invention is described in conjunction with the accompanying drawings, in which: 

55 

Fig 1 (a) is an axial cross sectional view of a circular melt channel of a mold manifold; 

Fig. 1 (b) is a longitudinal cross sectional view of the melt channel of Fig. 1(a) schematically depicting the velocity 
profile of the resin as it flows through the melt channel; 
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Fig. 1(c) is a longitudinal cross sectional view of the melt channel of Fig. 1(a) schematically depicting the shear 
stress profile of the resin as it flows through the melt channel; 

Fig. 1(d) is a cross sectional view of a manifold, including a network of melt channels, schematically depicting 
variations in the shear stress profile of the resin as it flows through the manifold; 
5 Fig. 2(a) is a graph showing the relation between temperature and viscosity at a constant shear rate; 

Fig. 2(b) is a graph showing the relation between shear rate and viscosity at a constant temperature; 
Fig. 2(c) is a longitudinal cross sectional view of a melt channel showing the velocity of a flow of resin as it rounds 
a corner in the melt channel; 

Fig. 2(d) is a longitudinal cross sectional view of a melt channel showing boundary layers formed therein by a flow 
10 of resin; 

Fig. 3 is an elevated perspective view of a mold manifold showing a plurality of 90° turns; 
Fig. 4(a) is a schematic representation of a mold manifold; 

Fig. 4(b) is a series of axial cross sectional views of the mold manifold of Fig. 4(a) showing uneven formation and 
distribution of boundary layers; 
is Fig. 5 is a longitudinal cross sectional view of a three-material, five-layer PET preform showing incomplete pene- 

tration of one of the layers, a phenomenon known as DiP; 

Fig. 6 is a schematic cross section of a high cavitation mold comprising thin film manifold and hot runner heaters 
in accordance with an embodiment of the present invention; 

Fig. 7(a) is a schematic cross section showing the layers of thin film elements in the thin film heater 62 of Fig. 6; 
20 Fig. 7(b) is a schematic cross section showing the layers of thin film elements in the thin film heater 65 of Fig. 6; 

Fig. 8(a) is a cross sectional view of an improved hot runner nozzle design in accordance with another embodiment 
of the present invention; 

Fig. 8(b) is a chart showing the lack of temperature drop in the upper portion of the hot runner nozzle; 
Fig. 9 is a cross sectional view of an improved nozzle tip and mold gate insert in accordance with an yet another 
25 embodiment of the present invention; 

Fig. 10 is a schematic cross sectional view of the nozzle tip shown in Fig. 9; 
Fig. 11 is a cross section of the components of the Fig. 9 nozzle; 

Fig. 12 is a cross sectional view of a coinjection nozzle comprising thin film heaters in accordance with another 
embodiment of the present invention; 
30 Fig. 1 3 is a cross sectional view of a molding machine including shooting pots and comprising thin film elements 

within the shooting pot; 

Fig. 14(a) is an axial cross sectional view of a melt channel having a thin film heater removably attached to its 
outer periphery; 

Fig. 14(b) is an axial cross sectional view of a melt channel having a thin film heater removably attached to its 
35 inner periphery; 

Fig. 15 is a schematic cros sectional view of a molding machine having both a valve gate and a thermal gate; 

Fig. 16(a) is a schematic cross section of a valve-gated nozzle having a thin film heater; 

Fig. 16(b) is a schematic view of the thermocouple on the end of the valve stem of Fig. 16(a); 

Fig. 17 is a schematic cross section of the film heater of Fig. 16(a); 
40 Fig. 1 8(a) is a schematic cross section of a nozzle tip having internal and external film heaters; 

Fig. 18(b) is an end view of the film heater on the tip of the nozzle of Fig. 18(a); 

Fig. 1 9(a) is a schematic cross section of a nozzle plug having an internal film heater; 

Fig. 19(b) is a schematic cross section of a nozzle plug having an external film heater; 

Fig. 20 is a schematic cross section of a manifold and nozzle which have film heaters; 
45 Fig. 21 (a) is a schematic cross section of a mold gate insert having a film heater; 

Fig. 21 (b) is a schematic cross section of a mold gate sleeve having a film heater; 

Fig. 22 is a schematic cross section of a mold plug having a film heater with different widths; 

Fig. 23(a) is a schematic view of the resistive patterns on a thin film heater: 

Fig. 23(b) is a schematic view of the resistive patterns on another film heater; 
so Fig. 23(c) shows a film heater disposed inside a melt channel; and 

Fig. 23(d) shows a film heater disposed on the outside of a melt channel. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
$5 |. Introduction 

[0019] The advantageous features of the present invention will be described with respect to a plastic injection molding 
machine utilizing thin film heater and sensor technology. Of course, the invention is not limited to such embodiments, 
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but may be applied in any molding technology within the scope of the attached claims. 

[0020] As described below, an injection molding system according to the present invention may include electrical 
heaters and temperature sensors to better manage and control the flow of the molten resin between in the injection 
machine nozzle and the mold cavity space. Thus, the present invention may comprise active and/or passive film ele- 

5 ments which may be deposited directly on the surface of the mold elements (such as in the manifold and/or adjacent 
the mold gate area) to precisely manage the temperature profile in the moving, molten resin. For some applications, 
these film elements may be deposited directly on the nozzle housing and/or the nozzle tip, on a runnerless probe, on 
a valve stem, or on a surface of a mold gate insert. In other cases, the film elements may be deposited on a removable 
heater plug which is located at one or more predetermined positions in the molding system. Preferably, the active film 

10 element comprises a film heater, and the passive film element comprises a thermal sensor (e.g., a thermistor or thermal 
couple) and/or a pressure sensor. The film elements may be single layer elements, but preferably comprise a sandwich 
of several film layers having different electrical, thermal, and wear characteristics. One film layer will usually be made 
of an electrically highly-resistive material. Depending upon the particular molten resin and the particular molding proc- 
ess characteristics, the film can be either a "thin" or "thick" element which is preferably deposited using chemical 

is deposition, vapor deposition, film spray techniques, or equivalents thereof. The film heating and sensing elements may 
also comprise flexible substrates which are trimmed and installed, as needed, at any location in the injection molding 
machine. 

[0021] Also within the scope of the present invention is the use of such film elements in conjunction with the known 
heaters described above. By carefully selecting the appropriate film heating elements (when used in conjunction with 
20 or in place of known heaters) fine adjustments may be made to the molten resin temperature gradient and profile to 
provide precise heat flow control. Such precise control can be effected before the molten resin enters the heated space, 
thus providing constant (or precisely-managed) viscosity and velocity of the melt flow. 

[0022] If the film heater is directly deposited, this can also eliminate the air gap between the heater and the heated 
surface thus providing intimate and direct contact for improved temperature transfer between the heater and the heated 

25 surface, to achieve energy savings and longer heater life. Also, the direct deposition of the film heater makes the mold 
elements themselves simpler to design and manufacture since they may be made smaller and more energy efficient 
and use less space within the mold machine itself. Furthermore, the quality of the molded articles is significantly im- 
proved because of the precise management of the heat flow in the injection molding machine. Additionally, when 
molding an article that has several resin layers deposited at once, the use of film heater elements will allow each layer 

30 to having a uniform thickness and length. In the case of molding PET preforms using the film heaters described below 
the acetaldehyde level is lower and is more uniformly distributed across the cavities of the multi-cavity mold. This is 
because the film heaters are located adjacent the melt channels and can be individually controlled and activated so 
that the temperature is very uniform across the entire manifold. 

[0023] Also, by improving the heating control at the mold gate area, the sprue gate (vestige) of the molded preform 
35 may be made very small with substantially no crystallinity penetrating the preform wall. 

[0024] Further, the use of the film heaters according to the present invention will provide significant advantages when 
molding two different color resins through the same nozzle. Precise heat control will allow an abrupt transition between 
the different colors, increasing the quality of the final product and reducing wastage. 

[0025] Thus, the film heaters according to the present invention are in intimate contact with the surface to be heated, 
40 and can provide faster heating response time, lower temperature inertia, are small enough to be placed in many different 
areas of the mold, andean provide a tightly constrained temperature profile which leads to faster molding, higher quality 
in the produced articles, smaller machine parts, reduced energy consumption, and longer machine life. 
[0026] By utilizing film sensors according to the present invention, more precise temperature management and con- 
trol of the entire process can be achieved. Such film sensors can be placed in many more locations than known thermal 
45 couples, and are easily installed, maintained, and monitored. Therefore, process feedback and control is also enhanced 
according to the film sensors of the present invention. 

2. Preferred Embodiments of the Present Invention 

50 [0027] The present embodiments locate compact active and/or passive film elements along a melt channel from, for 
example, a sprue bushing to a mold cavity space to improve heat and flow management therein. The active elements, 
which may be fabricated using advanced thin film technologies, are compact, reliable, stable, and energy efficient. 
Advantageously, the active elements may be located near or in direct contact with a flow of molten resin. The active 
elements may be any of a thin film heater, thermistor, thermocouple, resistance temperature detector, pressure sensor, 

55 gas sensor, optical guide leakage sensor, or combinations and equivalents thereof. The passive elements, which also 
may be fabricated using thin film technologies, interact with the active elements and may be made of electrical and 
thermal insulative materials and/or wear resistant materials. Preferably, the passive elements are in direct contact with 
the flow of molten resin to improve the laminar flow thereof. Employing these thin film elements optimizes heat man- 
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agement and overall control of the injection molding process. In particular, the thin film elements may directly heat the 
resin in the manifold or hot runner nozzle according to local and customized needs. Further, the use of thin film elements 
favorably impacts material selection and component size along the melt channel. 

[0028] The present embodiments also provide an innovative mold controller and logic operation means either coupled 
5 to or embedded in the mold The mold controller and logic operation means are physically independent from, but in 
communication with, the controller and microprocessor of the injection molding machine. In this regard, reference is 
made to U.S. Patent No. 5,320,51 3 issued to Schmidt, assigned to the assignee of the present invention, and incor- 
porated herein by reference. Schmidt discloses a mold integrated circuit board that connects the hot runner nozzle 
heaters and temperature sensors to the machine controller via a connector. According to the present embodiments, 
io the printed circuit board of the mold disclosed by Schmidt further carries control and logic signals generated by a mold 
controller and/or a mold microprocessor. Thus, the end user of the mold will better be able to handle the processing 
parameters of the mold in conjunction with various injection molding machines. The mold-machine interface will allow 
either the mold, the machine, or both to be tuned for specific injection molding processing conditions. Also, the interface 
will reduce the complexity of the injection molding controls. Communication between the mold controller and the ma- 
rs chine controller and/or between the active thin film elements and the mold controller may be accomplished by either 
wired or wireless means, with the latter further reducing the complexity of the wire connections. 
[0029] Mold heat management and process control depend on the specific application, the type of resin used, the 
mold manifold and hot runner nozzle design, and the number of mold cavities. The present embodiments could be 
applied to improve heat management and process control in several molding processes, three of which processes 
20 relate to high cavitation molding and, more particularly, to injection molding of blowable PET preforms. 

[0030] A first application of the present invention reduces and more uniformly distributes acetaldehyde ("AA") inher- 
ently generated in a mold during the injection process. European Patent Application 293 756 A2 by Halar, et al., filed 
by the assignee of the present invention and incorporated herein by reference, thoroughly discusses the problems 
associated with AA formation. According to Halar, et al., a high level of AA is generated by non-uniform thermal deg- 
25 radation of PET as it flows through manifold channels. This phenomenon is demonstrated in Figs. 1(a), 1 (b), and 1 (c), 
in which the velocity profile 20 and the shear stress profile 24 are schematically depicted for the flow of resin through 
a channel 22 of a mold manifold. Due to the melt channel profile 26, the resin flows faster at the center of the channel 
where the shear stress is minimum, thus forming boundary layers that are symmetrical across the flow. The temperature 
profile is similar to the shear stress profile, i.e., the temperature of the resin is minimum at the center of the channel. 
30 In most molding applications, however, the resin flow does not follow a straight path, as shown in Figs. 1(b) and 1(c), 
but rather makes one or more angular turns through a series of branch channels that simultaneously feed a plurality 
of cavity spaces (see Fig. 3). As indicated in Fig. 1 (d), when the resin flow through one channel 21 is diverted 90° into 
several branches, such as the first two channels 27 and 29, the velocity, shear stress, and temperature profiles become 
asymmetrical as the resin flows slower around the inner corner 23 than the outer corner 25. At this stage, the shear 
35 stress and temperature values 30 are higher near the inner corner 23 than the values 28 near the outer corner 25. This 
asymmetrical behavior further is enhanced and reduced respectively when the flow again is diverted into channels 31 
and 33. Not only are shear stress and temperature profiles 32 and 36 asymmetrical, but they are also different from 
one another. 

[0031] Halar, et al. teaches that different asymmetrical profiles in different melt channels of a high cavitation mold 
40 cause AA differences in molded parisons. According to Halar, et al., the AA level can be minimized and made more 
uniform by providing static mixers within the melt channels of the mold manifold. Unfortunately, however, the static 
mixers induce a pressure drop and an increase in shear stress. U.S. Patent No. 5,421,715 issued to Hofstetter, et al. 
discloses the use of static metallic elements called spokes in the manifold channels to create turbulence and homog- 
enize the temperature distribution across the flow, thus reducing the AA level. The spokes of Hofstetter, et al. are no 
45 different than the static mixer of Halar, et al. and thus do not represent the ideal solution. In summary, providing me- 
chanical obstructions within the melt channel may more uniformly redistribute the AA level among the injection cavities, 
but doing so creates additional problems. 

[0032] A second application of the present invention promotes more uniform filling of high cavitation molds by sup- 
pressing the thermal and viscosity boundary layers that typically form when a flow abruptly changes direction. Figs. 2 

so (a) and 2(b) depict the temperature versus viscosity and shear rate versus viscosity graphs for a typical molten resin. 
As shown in Figs. 2(c) and 2(d), an inner layer 40 is hotter and moves at a slower velocity than the middle and outer 
layers. If a manifold feeds several cavities, as shown in Fig. 3, the formation of boundary layers will cause asymmetrical 
temperature, shear stress, and velocity profiles for the flow of resin for each cavity, as shown in Figs. 4(a) and 4(b). 
This problem, also mentioned by Halar, et al., may be solved by using a "melt flow redistributor n such as that disclosed 

ss in copending U.S. Patent Application No. 08/570,333 by Deardurff, et al., assigned to the assignee of the current 
invention and incorporated herein by reference. The "melt flow redistributor" is located after a 90° turn in a melt channel. 
Thus positioned, this device redirects the outer boundary layer of resin, which is more thermally degraded that the 
central layer, in a balanced proportion among several melt channels. Because this device works differently than a static 
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mixer, it does not induce a pressure drop. However, the "melt flow redistributed is relatively difficult to assemble and 
service. 

[0033] A third application of the present invention, derived from the second application, combats a phenomenon 
known as dip. The dip is an uneven or unfilled portion within a coinjected layer. Fig. 5 illustrates the dip phenomenon 

5 occurring in a typical three-material (A-B-C) five-layer (A1 -A2-B1 -B2-C) PET preform 46. A dip of length L appears in 
the neck portion N of the preform 46. Three resins A-B-C are either sequentially or simultaneously coinjected using 
conventional injection means to form a five-layer blowable preform. The dip is unacceptable because one resin (usually 
the barrier) does not fully fill the space in the neck area partially occupied by the other resin (virgin, etc.). The dip is 
believed to be caused by the formation of boundary layers within a manifold. These boundary layers cause non-uniform 

to temperature and viscosity profiles across a flow of molten resin, which in turn causes dip. The dip may be improved 
by providing static mixers within the melt channels, but as mentioned previously, such static mixers create additional 
problems. 

[0034] The present invention overcomes the AA, non-uniform filling, and dip problems by replacing or supplementing 
conventional coil or band heaters with film heaters strategically disposed along the melt channels and individually 
15 controlled to provide the desired heat profile. For example, thin film heaters placed adjacent to each corner 23 can be 

4a _mw;*J» Unnt »n +Un mr*\n flm*> tk<i<-tn tl^iei film hnntnrp nlos*rtH O io/»r*rtt V^nrt OO r\f tVlO malt ^honnolc 
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in order to provide a constant temperature profile throughout the melt channel. Thus located, the thin film heaters can 
change the velocity, temperature, and shear stress profiles of the flowing resin according to the specific geometry of 
each melt channel and angle of intersection with adjoining melt channels. 

20 [0035] A fourth application of the present invention relates to various improvements of current injection molding 
components that, in most instances, do not provide an optimum temperature profile in a flow before the molten resin 
enters the mold cavity space. Examples of such components that would benefit from application of the present invention 
include coinjection hot runner nozzles, edge gating nozzles, tips of injection nozzles, nozzle-manifold interfaces, rim 
gating nozzles, mold gate inserts, etc. 

25 [0036] Improved components embodying film heaters and insulation layers will now be discussed with reference to 
several U.S. patents, each of which is assigned to the assignee of the present invention and incorporated herein by 
reference. 

[0037] Fig. 6 is a schematic cross section showing a high cavitation mold sprue bushing 62, manifold 64, and hot 
runner nozzles 66 which are heated using thin film heaters 63, 65, and 67, respectively. Each thin film heater comprises 

30 an active film made of a thin film, electrically conductive material sandwiched between assorted passive thin film ma- 
terials. If the thin film heater is internally located so as to directly contact the molten resin, the thin film heater 62 may 
comprise (as shown in Fig. 7(a)), in order starting from the channel, a wear resistive film 72, an electrically insulative 
film 74, the electrically resistive heater film 76, another layer of electrically insulative film 78, and finally a thermally 
insulative film 79. If the thin film heater 65 is externally located (as shown in Fig. 7(b)), the wear resistive film may be 

35 omitted. Likewise, in some applications the thermally insulative film may be omitted. 

[0038] Fig. 8(a) shows an improved design of an injection mold in which the manifold 80, manifold bushing 82, and 
hot runner nozzle 84 are individually heated using thin film electrical heaters 81 , 83, and 85, respectively. Because a 
thin film heater 87 may be located inside the nozzle body and in contact with the molten resin, no temperature drop 
occurs in the upper portion A of the hot runner nozzle, as shown by the broken line in Fig. 8(b). 

40 [0039] Fig. 9 shows an improved design of a hot runner nozzle tip in accordance with an embodiment of the present 
invention. Active and passive thin film elements are located inside the hot runner nozzle body 90 along the melt channel 
92 and in close proximity to the mold gate area 94. The active thin film elements are heaters 91, 93, 95, and 97 for 
maintaining the resin at an optimum temperature. Apart from compactness and energy savings, the thin film heaters 
confer several other significant advantages. For example, the thin film heaters are easy to locate in areas that are not 

45 accessible to coil heaters, such as in the immediate vicinity of the mold gate. 

[0040] In the illustrated embodiment, the thin film heaters 95 are located along diverter channels of the nozzle tip. 
The thin film heaters 97 may also be located on the inner periphery of the mold gate insert 98 in order to heat the mold 
gate more effectively. Locating thin film heaters within the mold gate insert provides additional advantages with respect 
to "color change" preparation. As is generally known in the art, when changing resins to mold an identical piece but of 

so a different color, one should "flush" the first resin from the nozzle channels. By locating a thin film heater 97 on the 
inner periphery of the mold gate insert, the insert may be heated to facilitate flushing of the gate channel. Also, heaters 
may be combined with thermocouples as shown at 97 and 99. 

[0041] The mold gate insert further may comprise a thin film pressure sensor 96 and/or thin film temperature sensors 
(not shown). Fig. 10 shows the disposition of pressure sensors 96 and thermocouple 100 around the nozzle tip 90°. 
55 As shown in Fig. 11, the individual components of the hot runner nozzle and moid gate insert are easily removed, 
manufactured, and serviced. 

[0042] Fig. 12 shows a coinjection nozzle with thin film heaters in accordance with yet another embodiment of the 
present invention. At least one thin film heater may be disposed around or inside the housing of each coinjection 
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channel to better control the temperature of each resin. In this embodiment, a three channel nozzle is shown wherein 
the channel 110 carries resin A, channel 112 carries resin B. and channel 114 carries resin C. The valve gate stem 
116 selectively shuts off communication between the nozzle channels and a cavity space 118. Thin film heaters 111 , 
1 1 3 and 1 1 5 are respectively located inside the channels. However, for certain applications it may be possible to use 

s only two heaters, with one heater heating two channels if the wall between the two channels is thin and/or thermally 
conductive. For example, in Fig. 11 heater 111 may be sufficient to heat both resins A and B. Because the thin film 
heaters will directly contact the flow of molten resin, a wear resistive film may be provided directly adjacent to the flow. 
[0043] Fig 1 3 shows a molding machine including shooting pots 1 20 for metering the amount of resin delivered to 
the hot runner nozzle 122. Shooting pots are typically used when injecting parts that must meet stringent weight re- 

10 quirements, such as the accurately measured layers commonly required for a coinjection mold. In accordance wrth the 
present invention, thin film heaters 121 is located in the shooting pot area to heat the shooting pot area independently 
from other thin film manifold heaters such as heaters 1 23, 1 25 disposed on manifold 1 24. Additionally, thin film thermal 
sensors may be located in the shooting pot area. 

[00441 Figs 1 4(a) and 1 4(b) show preferred means for removably attaching a thin film heater to either the outside 
is or the inside of a hot runner nozzle, respectively. The thin film heater is deposited on a^floxtole thin, band substrate 
that may display spring-like characteristics. A thin fiim heater attached in this manner ,,.ay be easily replace- in t. .e 
event of a failure In Fig. 14(a), thin film heater 132 is disposed outside of nozzle 130 and may comprise, for example, 
electrically insulated layer 1 32, electrically conductive layer 1 34, and electrically insulaled layer 1 36. A connector 1 38 
fits within a channel of the nozzle 130 and restrains the two ends of the resilient heater 132. Such construction can 
20 provide localized heat to the resin and melt channel 139. In Fig 14(b), the heater 132 is disposed inside nozzle 130 
and may also comprise the layers 132, 134, and 136. A wear layer (now shown) can also be provided between layer 
132 and the melt channel 139 to present wear on the heater 132. Of course, the heating elements in layer 134 may 
extend only partially around the circumference of the nozzle, and be in any configuration (spiral, planar, stripped, 
herringbone, annular, etc. Also, the heating elements may extend to different lengths along the axial direction of the 

25 [0045] Fig 1 5 shows an injection molding machine having both a hot runner valve gate and a hot runner thermal 
gate The molten resin precedes from the machine injection nozzle (not shown) through the sprue bushing 150 into 
the manifold 152 and into the melt channel of each nozzle. The molten resin flowing through the bushing and manifold 
may be maintained at the optimum temperature by using well known band or coil electric heaters. The molten res.n .s 

30 then injected through each of the nozzles into respective mold cavilies 1 54 and 156. The hot runner valve gate 1 58 
has a thin film heater 1 59 associated therewith to maintain the molten resin at the precise, desired temperature as it 
passes through the valve gate 158 into the cavity 154. Likewise, the hot runner thermal gate 157 has a thin film heater 
1 55 associated therewith to precisely control the temperature of the molten resin as it flows into cavity 1 56. 
[0046] Fig 16(a) is a schematic cross-section of a valve gated hot runner nozzle where a film heater is deposited 

35 directly on the tip portion of the stem, and a film thermocouple is deposited directly on the end of the stem. The valve- 
gated nozzle 1 60 has a nozzle tip 1 62 which fits within mold plate 1 64 abutting the mold plate 1 64' containing the mold 
cavity space 1 66 The movable valve stem 1 68 has a film heater 1 67 deposited on the outer surface thereof in a pattern 
for example, as shown in Fig. 16(a). Preferably, and as shown in Fig. 16(b), a thermocouple is deposited on the end 
of valve stem 1 68 for accurate temperature measurement precisely at the valve gate itself. 

40 [00471 As shown schematically in Fig. 16(a), Ihe film heater 167 may be coupled to electrical contacts 161 through 
terminals 163 Likewise, electrical contacts 165 are disposed to contact terminals 169. The electrical contacts are 
coupled to a mold control processor 1000, such as that described in the Schmidt patent discussed above. 
[0048] Fig 17 is a cross-sectional view of the film heater 167 of Fig. 16(a). Closest to the valve stem 168 is a layer 
171 made of electrical insulatrve material. Next is a layer 173 which comprises the electrically resistive material forming 

45 the heating element. On the outside is layer 175 which comprises an electrically insulatwe material that also has good 
thermal transmission characteristics. . 
[0049] Fig 18(a) is a schematic cross-sect bnal drawing showing film heater 181 disposed on a bottom exterior 
surface of nozzle tip 180. As shown in Fig. 18(b), the film heater 181 may have a resistive pattern which surrounds the 
melt channels 1 82 and 1 83, as shown. The heater terminals 1 84 and 1 84" may be connected to electrical contacts (not 

[0050? The nozzle tip 1B0 may also have a heater plug 190 (to be described below) which has a film heater 191 
disposed on an outer surface thereof. The heater plug 190 is disposed in the melt channel 186 of the nozzle tip 180. 
Both film temperature sensors (not shown), may also be deposited on any convenient surface of the nozzle tip 180 to 
monitor the temperature of the molten resin in the melt channel 186. Preferably, the temperature sensor is a film 
ss thermocouple disposed in direct contact with the molten resin very close to the mold gate orifice. 

[0051] Preferably, the nozzle tip 180 includes electrical connectors for the thermocouple and the heater which are 
attached to the nozzle body by a fast removal mechanism, such as a bayonet mechanism, which allows rapid assembly 
and removal of the tip without having to disconnect any wiring. In some instances, it is preferable to have two thermo- 
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couples placed close to each other so that if one is broken, the other one is still operative. 
[0052] Fig. 1 9(a) is a schematic cross-section of a film heater plug 1 90 which is a convenient and easy way to apply 
film heaters and film sensors to the melt channels of injection molding machines. Plug 1 90 comprises a metal plug 1 92 
having a film heater 1 93 disposed on an interior surface thereof adjacent the melt channel 1 94. Preferably, the heater 

5 193 comprises an inner wear resistive layer 195, an electrically resistive layer 196, an electrical insulation layer 196, 
and a thermal insulation layer 198. The advantage of such a construction is that the plug 190 can be made small and 
replaceably positioned at any point in the melt channel. The plug can be used at any located in alignment with the melt 
channel of the mold, for example, in the manifold, in the hot runner housing or in the nozzle tip. The melt channel can 
be constructed complementary structure so that such heater plugs can be placed at any convenient location along the 

io melt channel. Moreover, such plugs can be linear, T-shaped, or angled to fit any location along the melt channel. Since 
it is much easier to dispose a flexible film heater on the interior surface of a small, replaceable heater plug, the cost of 
disposing that heaters on the inside surface of a long melt channel manifold (as depicted in Fig. 3) can be avoided. 
[0053] Fig 19(b) depicts another embodiment of the heater plug 190 in which the heater 193 is disposed on the 
outer surface 1 92 In this instance, the inner layer 1 95' comprises a dielectric with good thermal transmitting charac- 

is teristics, layer 1 96' is the electrically resistive heating element, and layer 1 97' is a thermal insulator. In some ^stances, 
a wear resistant layer may be deposited on the outside of the iayer 197'. Likewise, a wear resistant layer 198' may be 
deposited on the inside of the plug 1 92 to enhance resistant to the wear of the molten resin. 
[0054] Fig. 20 shows the application of removable heater plugs 201 and 202 within an injection molding machine. 
Heater plug 201 has film heater 203 on the exterior surface thereof and is disposed within manifold 204, which, for 

20 example, may also be heated by conventional manifold heater 205. 

[0055] The heater plug 202 is disposed within nozzle head 206 and nozzle body 207 and has a wear resistant layer* 
(sleeve) 208 disposed on an interior surface thereof adjacent the melt channel 209. A film heater 210 is disposed on 
an exterior surface of the heater plug 202 adjacent the nozzle tip 211 . The nozzle housing 21 2 is preferably made of 
a thermal insulation material. The heater plugs 201 and 202 are preferably made of a highly thermally conductive 

25 material such as CuBe. Since the heater plugs 201 and 202 are modular and removable, they may be easily replaced 
for repair or for the molding of different types of plastic resin. 

[00561 Fig 21 (a) is a schematic cross-section of a mold gate insert 210 having an internal film heater 211 disposed 
on an inside surface adjacent the nozzle tip (not shown) and the mold gate orifice 212. Since the mold gate insert 210 
is removable, a connector 21 3 is disposed on a surface thereof to carry the electrical contact wires to the film heater 
30 211. The connector 213 will mate with a like connector in the nozzle housing or the mold plate (not shown) so that the 
entire mold gate insert 210 is quickly and easily replaceable. 

[0057] Fig 22(b) is a schematic cross-section of a mold gate sleeve 215 wherein the mold gate body 216 has a film 
heater 217 disposed on the one or more of the outer surfaces thereof. Again, since the mold gate sleeve is easily 
replaceable it is simple to replace a defective heater or to change the heating capacity of the heater for different types 



35 of resin. 



[0058] Fig 22 is a schematic cross-section of a heater plug 220 having a film heater disposed on the outer surface 
thereof However, the film heater layer as different thicknesses in areas A, B, and C to provide an engineered temper- 
ature profile, as depicted in the left-hand portion of Fig. 22. This may be used, for example, in molding applications 
where portions A and C are located adjacent mold plates which are cooled during the molding process. This way, the 
40 molten resin flowing within the melt channel 222 will be maintained at a constant temperature. Note that in this em- 
bodiment, a high wear resistive sleeve 223 is disposed on the interior surface of the heater plug 220. 
[0059] Fig 23 (a) is a schematic view of a thin film heater according to the present invention having two rectangular 
patterns of heating elements. Heater 231 has an element with a length L and a pitch P1. Heater 232 has a heating 
element with the same length L, but with a different pitch P2. Thus, the same thin film element may provide different 
45 heating characteristics to contiguous areas of the melt channel. The contact terminals have a length Lt and a width T 
adapted to easily engage electrical contacts on the melt channel structure where the heater is to be mounted. 
[0060] Fig. 23(b) is a schematic of a heater having a serpentine shaped heating element 235 with contact terminals 
at different ends thereof. 

[0061] Fig. 23 (c) shows a film heater bent so as to be disposed on the inside of a melt channel, and Fig 23(d) shows 
so such a heater bent on the outside of a melt channel. 

[0062] The following materials, deposition technologies, and patterning methods are recommended for the various 
layers used to manufacture the compound film heater deposited directly on the mold elements or on a film heater plug 
( the thickness of these layers varies from less than 5 microns and up to 2-3 millimeters): 

55 electrical resistive materials: TiN ; tungsten, molybdenum, gold, platinum, copper, TiC, TiCN, TiAIN, CrN, pal- 

ladium, iridium, silver, conductive inks 

electrical Insulative materials : beryllium oxide; see also the materials disclosed in the US Patent 5,653,932 and 
US patent 5,468,141 both herein incorporated by reference. 
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wear resistance materials: titanium, titanium alloys, chrome, electroless nickel, also see the materials disclosed 
in the US Patent 5,112,025 herein incorporated by reference. 

deposition technologies: ion plating, sputtering, chemical vapor deposition (CVD), physical vapor deposition 
(PVD), flame spraying. 

5 film patterning methods: etching through a mask; laser removal; wire masking, mechanical removal, 

Example for the heat requirement: Wattage Density 40-80 W/square inch at 240 V 
See Fig. 13 

10 

[0063] 

Zone A: 37 mm 150 W (tip) 
Zone B: 75 mm 50 W (center) 
is Zone C: 34 mm 1 00 W (head) 

One or several heaters 

[0064] 

20 

Patterning: laser removal; lathe; mask wire, etching 

Deposition: sputtering 

Materials: platinum, tungsten, Molybdenum 

2S Film sensors for molding applications. 

[0065] Film temperature sensing elements have been disclosed in, for example, US Patent 5,215,597 issued to 
Kreider, US Patent 5,573,335 issued to Schinazi, NASA Report E-7574 of February 1993 by R. Holanda and NASA 
Report E-9080 of August 1994 by L.C. Martin et aL, all of which are all incorporated herein by reference.. 

30 [0066] Any film temperature sensing device, such as thermistors, other semiconductor based devices, or resistance 
temperature detectors (RTD) are encompassec by the scope of the current invention. Reference is made in this regard 
to US Patent 4,968,964 issued to Nagai et aL, and the Platinum Resistance Temperature Detector (P-RTD) Catalogs 
of Heraeus that are incorporated herein by reference. The current invention also encompasses a thin film RTD as 
another preferable alternative to a film thermocouple, because it offers the advantage of being made of a single thin 

35 film material that is easier to deposit and etched. 

[0067] According to the current invention, it is preferable to select the materials for the film thermocouple that meet 
the current thermocouple standards (such as ANSI), and that can be deposited on the support base of the mold part. 
Accordingly, a major design target for the film thermocouple is to select two dissimilar materials for the wires that are 
either identical or close to the resistive material of the thin film heater. The following commercial data published by 

40 Insulation Seal Inc. and SRS Corp. show the material selection and characteristics for several standard thermocouples 
that can be also used as guidelines to manufacture film thermocouples. 



ANSI 


Thermocouple Pair Materials & Polarity 


TC Temperature (max.) 


Medium Std. Error 


Type 






Copper (+) 


350°C 




T 


Constantan (-) 








Iron (+) 


750 °C 


+/- 2.2 °C 


J 


Constantan (-) 








Chromel (+) 


900°C 


+/- 1 .7 • C 


E 


Constantan (-) 








Chromel (+) 


1250°C 


+/- 2.2°C 


K 


Alumel (-) 








Platinum 13% Rhodium (+) 


1450° C 


+/-1.4 °C 


R 


Platinum (-) 








Platinum 10% Rhodium (+) 


1450° C 


+/-1.4-C 
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(continued) 



ANSI 


Thermocouple Pair Materials & Polarity 


TC Temperature (max.) 


Medium Std. Error 


Type 


S 


Platinum (-) 

Tungsten 5% Rhenium (+) 


2320 °C 




C 


Tungsten 26% Rhenium (-) 
Platinum 30% Rhodium (+) 


1700 °C 


+/- 4.4 °C 


B 


Platinum 6% Rhodium (-) 







[0068] According to the current invention, the film thermocouple is made using well known micro lithographic tech- 
niques that insure a very high dimensional accuracy, excellent adhesion of the themocouple to the substrate and 
connection between the two dissimilar materials. Another advantage of the microlithographic technique is that a batch 
of thermocouples can be simultaneously manufactured in order to ensure that the thickness of the deposited alloy is 
the same for several temperature sensing elements that will be mounted in a high cavitation moid. Another adavantage 
is that, with no extra cost and within the same space, a "back up" or a reference thermocouple can be actually deposited 
close to the actual thermocouple. In this manner, if for whatever reason the current thermocouple fails to respond, the 
back up can be activated, without interrupting the molding process or servicing the mold. 

[0069] In a preferred embodiment, a thin film (R-class) thermocouple is made of Platinum-1 3% Rhodium and Platinum 
and is manufactured in a class 1000 Clean Room using the well known sputtering process. Depending on the location 
of the thin film wires to the lead wires connections are made using the well known parallel-gap welding process. This 
thermocouple can be located anywhere along the melt channel as it can withstand temperatures in excess of 1 ,000 0 C . 
[0070] Thus, what has been described is unique structure and function whereby heating, sensing, and melt control 
in a molding machine may be simplified, made easy to replace, and may be customized and to provide molded articles 
more quickly, less expensively, and with higher quality. 

[0071] While the present invention has been described with respect to what are presently considered to be the pre- 
ferred embodiments, it is to be understood that the invention is not limited to the disclosed embodiments. To the contrary, 
the invention is intended to cover various modifications and equivalent arrangements included within the spirit and 
scope of the appended claims. The scope of the following claims is to be accorded the broadest interpretation so as 
to encompass all such modifications and equivalent structures and functions. 



Claims 

1. Apparatus to be used in conjunction with an injection moulding machine, the apparatus comprising: 

a cavity plate; 

a core plate disposed relative to the cavity plate so that the core plate and cavity plate together form a cavity 
space; 

a manifold having formed therein an inlet passage for receiving a flow of molten resin from a nozzle of the 
injection moulding machine; 

a hot runner nozzle for directing the flow of molten resin from the manifold inlet passage to the cavity space; 
a mould gate for regulating the flow of molten resin from the hot runner nozzle to the cavity space, the mould 
gate together with the hot runner nozzle and the manifold inlet passage defining a non-flat melt channel for 
directing the flow of molten resin from the nozzle of the injection moulding machine to the cavity space; and 
an active or passive thin film element disposed along the non-flat melt channel. 

2. Apparatus according to claim 1 , further comprising a passive thin film element disposed adjacent to the active thin 
film element (said passive thin film element typically comprising an electrical insulator, or a wear resistant material), 
and/or an electrical film sensor located adjacent said manifold, said nozzle or said mould gate. 

3. Apparatus according to claim 1 or 2, wherein the active thin film element is isolated from the ambient atmosphere, 
comprises a heater for heating the flow of molten resin, a pressure sensor, a thermal sensor, or an optical guide 
leakage sensor 

4. An apparatus to be used in conjunction with an injection moulding machine, the apparatus comprising: 
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a mould defining a cavity space; 

a manifold having formed therein an inlet passage for flow communication with a nozzle of the injection mould- 
ing machine; 

a hot runner nozzle for flow communication with each of the cavity space and the manifold inlet passage, the 
5 hot runner nozzle and the manifold inlet passage together defining a melt channel; and 

a plurality of active or passive thin film elements intermittently disposed along the melt channel. 

5. Apparatus according to claim 4, wherein at least one of the plurality of active thin film elements is disposed on the 
inner periphery of the melt channel, the apparatus optionally further comprising a passive thin film element disposed 

10 adjacent to at least one of the plurality of active thin film elements. 

6. Apparatus for directing a flow of molten resin from a nozzle of an injection moulding machine to a cavity space 
defined by a mould, the apparatus comprising: 

is a manifold having formed therein an inlet passage for receiving the flow of molten resin from the nozzle of the 

injection moulding machine; 

a hot runner nozzle for directing the flow of molten resin from the manifold inlet passage to the cavity space, 
the hot runner injection channel and manifold inlet passage together defining a melt channel; and 
an active thin film element (such as a heater) or a passive thin film element disposed within the melt channel 
20 (the active thin film element being typically disposed on the inner periphery of the melt channel or in direct 

contact with the flow of molten resin). 

7. Apparatus according to claim 6, further comprising a passive thin film element disposed adjacent to the active thin 
film element and in direct contact with the flow of molten resin. 

25 

8. Apparatus according to any of claim 6 or 7, further comprising a passive thin film element disposed on either side 
of the active thin film element, one passive thin film element being in direct contact with the flow of molten resin, 
and the other passive thin film element being sandwiched between the active thin film element and the inner 
periphery of the melt channel. 

9. Apparatus according to any of claims 6 to 8, further comprising a thin film electrical insulator disposed adjacent to 
the heater and in direct contact with the flow of molten resin, and a thin film thermal insulator sandwiched between 
the heater and the inner periphery of the melt channel. 

35 1 o. Apparatus for directing a flow of molten resin supplied by an injection moulding machine to a cavity space defined 
by a mould, the apparatus comprising: 

a hot runner nozzle including a plurality of melt channels for directing the flow of molten resin supplied by the 
injection moulding machine to the cavity space; and 
40 a plurality of active/passive thin film elements disposed substantially adjacent to each melt channel for sup- 

plying heat to the flow of molten resin within that melt channel, the apparatus optionally further comprising a 
control processor for independently controlling the heat supplied by each active thin film element to a corre- 
sponding melt channel, 

45 11. Apparatus to be used in conjunction with an injection moulding machine, the apparatus comprising: 
a cavity plate; 

a core plate disposed relative to the cavity plate so that the core plate and cavity plate together form a cavity 
space; 

50 a hot runner nozzle including a plurality of melt channels, each melt channel directing one of multiple flows of 

molten resin supplied by the injection moulding machine to the cavity space; and 
an active or passive thin film element disposed along each melt channel. 

12. Apparatus according to claim 11, wherein the active thin film element is disposed on the inner periphery of each 
55 melt channel, and/or wherein the apparatus further comprises a passive thin film element disposed adjacent to 

each active thin film element and in direct contact with a respective one of the multiple flows of molten resin. 

13. Apparatus for directing multiple flows of molten resin supplied by an injection moulding machine to a cavity space, 



30 



12 



EP 0 363 829 A1 



the apparatus comprising: 



a mould defining the cavity space; 
a manifold; 

s a hot runner nozzle disposed adjacent to the manifold, the hot runner nozzle and the manifold together defining 

a plurality of melt channels, each melt channel capable of directing a respective one of the multiple flows of 
molten resin from the injection moulding machine to the cavity space; and 

a plurality of active thin film elements intermittently disposed along at least one of the plurality of melt channels. 
70 14. A method of injection moulding comprising the steps of: 

injecting molten resin into a melt channel defined by a manifold and a hot runner nozzle; and 
disposing an active or passive thin film element along the melt channel for heating the molten resin. 

is 15. A method according to claim 14, further comprising the steps of: 

detecting the temperature of the molten resin using a thin film thermal sensor dispo sed within the melt channel; 
comparing the detected temperature of the molten resin to a preselected temperature; and 
adjusting the heat supplied by the active thin film element to the molten resin according to the result of the 
20 temperature comparison to shift the temperature of the molten resin towards the preselected temperature. 

16. A method of injection moulding, comprising the steps of: 

injecting a different molten resin into a each of a plurality of melt channels formed within a hot runner nozzle; 
25 heating each molten resin using a plurality of active thin film elements disposed along a corresponding melt 

channel; and 

varying the heat supplied by each active thin film element to a corresponding molten resin depending on the 
characteristics of that molten resin. 

30 17. An injection apparatus to form moulded articles in a mould cavity, comprising: 

a mould manifold having a plurality of conduits to guide a molten material toward the mould cavity; 
a first electrical film heater located adjacent at least one of the conduits to maintain the molten material in a 
predetermined moulding temperature range; 
35 a nozzle coupled to said mould manifold and having at least one nozzle conduit to guide said molten material 

toward the mould cavity; 

a second electrical film heater located adjacent said nozzle conduit to maintain the molten material within the 
predetermined molten temperature range; 

a nozzle tip coupled to the nozzle and having at least one tip conduit in fluid communication with the nozzle 
40 conduit; 

a mould gate in fluid communication with the nozzle tip conduit and with the mould cavity; 
wherein at least one of said first and second electrical film heaters includes 

(i) an insulation layer in contact with said at least one of the conduits and the nozzle conduit, and 
4s (ii) an electrically resistive layer disposed on said insulation layer and having a thickness of less than 

substantially 0.5mn. 

18. Apparatus according to claim 17, further comprising a third electrical film heater disposed adjacent said nozzle tip 
or adjacent the mould gate. 



50 



19. Apparatus according to claim 18, wherein the electrical insulation layer of at least one of said first and second 
electrical film heaters comprises a deposition layer and/or wherein the electrically resistive layer of at least one of 
said first and second electrical film heaters comprises a non-flat portion. 

55 20. Apparatus according to claim 1 7, further comprising an electrical film temperature sensor (such as a thermocouple) 
disposed adjacent one of said manifold, said nozzle, and said mould gate, wherein said sensor comprises an 
insulation layer and an electrical resistive deposition layer disposed on said insulation layer. 
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21. Apparatus according to claim 17, wherein the electrically resistive layer of at least one of said first and second 
electrical film heaters comprises an electrically resistive pattern. 

22. An injection moulding system comprising: 

s 

a manifold having a plurality of conduits to distribute a flow of molten material toward a mould cavity; 

a nozzle in fluid communication with said manifold and having a head, a body, a tip, and at least one nozzle 

conduit which guides the molten material toward the mould cavity; 

a mould gate disposed adjacent the nozzle and having a gate orifice but conducts the molten material from 
10 the nozzle conduit to the cavity space; 

gating means to gate the molten material from the nozzle conduit to the cavity space; means to cool the gate 
orifice; and 

a deposition electrical heater deposited on at least one of said manifold conduit, said nozzle conduit and said 
gate orifice to stabilise a temperature profile of the molten material. 

15 

23. A system accoraing 10 ciairn wiiumui &aiu young mcano winpiiooo a inwu^i^ »ui» W| Uh .^w. Ml «w .~. —i — 
tially heating and cooling said gate orifice. 

24. A system according to claim 22 or 23, further comprising a deposition electrical temperature sensor deposited on 
20 at least one of said manifold conduit, said nozzle conduit, and said gate orifice. 

25. An electrical film heater plug to be used in an injection moulding machine along a fluid communication path which 
carries molten material from a source to a mould cavity, said plug comprising: 

25 a housing adapted to be coupled to the injection moulding machine along the fluid communication path and 

having an inner surface and an outer surface; and a film heater (which typically comprises a deposition layer) 
disposed on one of the inner surface and outer surface of said housing, said heater including an electrically 
resistive layer sandwiched between first and second insulation layers, and first and second electrical terminals 
electrically coupled to said resistive layer, said plug optionally further comprising a film temperature sensor 

30 deposed on at least one of the inner surface and the outer surface of said housing. 

26. Injection moulding apparatus comprising: 

an injection nozzle; 
35 a conduit inside the nozzle; 

a mould gate insert disposed between said nozzle and a mould cavity space; 

gating means for gating molten material from the mould gate insert orifice and the cavity space; 

means for cooling the mould gate orifice; and 

a deposition layer disposed on at least one of said injection nozzle, said nozzle conduit, said mould gate insert, 
40 said mould gate insert orifice, and said gating means, said deposition layer being electrically resistive to gen- 

erate heat. 

27. Apparatus according to claim 26, further comprising a second deposition layer formed on at least one of said 
injection nozzle, said nozzle conduit, said mould gate insert, said mould gate insert orifice, and said gating means, 

45 said second deposition layer comprising a temperature sensor. 
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